Performance of modified cold dense graded asphalt mix using oil palm fruit ash (OPFAsh) by Abdullah, Azeana
vii 
 
 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER TITLE PAGE 
 DECLARATION ii 
 DEDICATION iii 
 ACKNOWLEDGEMENTS iv 
 ABSTRACT v 
 ABSTRAK vi 
 TABLE OF CONTENTS vii 
 LIST OF TABLES xi 
 LIST OF FIGURES xii 
 LIST OF APPENDICES xiii 
 LIST OF ABBREVIATIONS xiv 
   
I INTRODUCTION 1 
 1.1 Background 1 
 1.2 Problem Statement 2 
 1.3 Objective of The Study 3 
 1.4 Scope of The Study 3 
 1.5         Significant of Study  4 
   
II LITERATURE REVIEW 5 
 2.1 Introduction  5 
 2.2 Advantages Of Asphalt Cold Mixes 5 
 2.3         Limitations of Asphalt cold Mixes 6 
 2.4         Asphalt Types And Uses 8 
                2.4.1     Emulsified Asphalt 8 
viii 
 2.4.2 Cutback Asphalt 8 
 2.5        Selecting the Proper Asphalt 11 
 2.6        Kerosene 12 
 2.7        Diesel 13 
 2.8      Oil Palm Fruit Ash 15 
 2.9     Volumetric Properties 17 
              2.9.1      Voids in Total Mix (VTM) 17 
 2.9.2     Voids in the Mineral Aggregate (VMA) 18 
 2.9.3 Voids filled Bitumen (VFB) 19 
                2.9.4       Density  20 
                2.9.5       Stability 20 
                2.9.6        Flow 21 
               2.9.7        Stiffness 21 
               2.10         Resilient Modulus 22 
   
III METHODOLOGY 24 
 3.1 Introduction  24 
 3.2 Operational Framework 25 
 3.3 Sieve Analysis of Fine and Coarse Aggregate 26 
 3.3.1 Apparatus 27 
 3.3.2 Procedures 27 
 3.4 Aggregate Gradation 28 
 3.5 Washed Sieve Analysis 29 
 3.5.1 Apparatus 29 
 3.5.2 Procedure 30 
 3.6 Specific Gravity of Aggregate 31 
                3.6.1      Specific Gravity for Fine Aggregates 31 
                              3.6.1.1    Apparatus 31 
               3.6.1.2    Procedure 32 
 3.6.2      Specific Gravity for Coarse Aggregates 33 
              3.6.2.1    Apparatus 33 
             3.6.2.2     Procedure 34 
 3.7         Bituminous Binder 35 
ix 
 3.8         Oil Palm Fruit Ash (OPFAsh) 35 
 3.9        Marshall Mix Design 36 
 3.9.1 Theoretical Maximum Density (Loose Mix) 38 
 3.9.1.1    Apparatus 38 
 3.9.1.2    Procedures 39 
                3.9.2       Marshall Mix 40 
                               3.9.2.1    Apparatus 40 
               3.9.2.2    Procedures 41 
 3.10        Resilient Modulus 43 
 3.10.1    Apparatus 43 
 3.10.2    Procedure 44 
 3.11        Marshall Test and Volumetric Measurement 45 
 3.11.1    Bulk Specific Gravity Measurement 46 
 3.11.2    Analyzing Marshall Test Results 47 
   
IV RESULT AND DISCUSSION 49 
 4.1 Introduction 49 
 4.2 Materials Preparation 49 
 4.2.1 Aggregate 50 
 4.2.1.1    Aggregate Gradation 50 
 4.2.1.2    Washed Sieve Analysis 51 
 4.2.1.3    Specific Gravity 52 
                4.2.2       Asphalt 52 
                               4.2.2.1    Specific Gravity 53 
               4.2.3        Oil Palm Fruit Ash 53 
                               4.2.3.2    Specific Gravity 53 
 4.3 Marshall Sample 53 
 4.3.1 Sample Preparation 54 
 
4.3.2 Determination of Optimum Bitumen 
Content 
54 
 4.3.3      Theoretical Maximum Density (TMD) 54 
 4.3.4      Results of Resilient Modulus 55 
 4.3.5      Results of Volumetric Properties 56 
x 
   
V CONCLUSION 58 
 5.1 Introduction 58 
 5.2 Conclusions 58 
 5.3 Recommendations 59 
   
 REFERENCES 60 
 APPENDICES A-I 62 - 97 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xi 
 
 
 
LIST OF TABLES 
 
 
 
 
TABLE NO. TITLE PAGE 
   
2.1 Guide for uses of Asphalt in Cold Mix 9 
2.2 
Typical Asphalt Temperatures for Cold Mix 
Construction 
10 
2.3 Physical and chemical composition of OPFAsh 16 
3.1 Gradation limit for AC 14    28 
3.2 Design Bitumen Contents       35 
3.3 Descriptive statistic of operation speed 37 
3.4 Minimum sample size requirement for maximum 
theoretical specific gravity (ASTM D 2041) 
38 
3.5 Test and Analysis Parameters for Specialty Mixed 47 
4.1 Gradation limit for AC14        50 
4.2 Washed sieve analysis     51 
4.3 Specific gravity of materials used 52 
4.4 
Verification Result’s Comparison for Both Types of 
Samples   
55 
4.5 
Verification Result’s Comparison for Both Types of 
Samples 
56 
 
 
 
 
 
 
 
xii 
 
 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE PAGE 
   
3.1 Flow chart for laboratory process and analysis      26 
3.2 Mechanical sieve shaker                29 
3.3 Oil Palm Fruit Ash       36 
3.4 Apparatus for TMD test   39 
3.5 Materials were mixed together    42 
3.6 Automatic Marshall compactor hammer    42 
3.7 Resilient Modulus Testing          45 
3.8 Machine of flow and stability test    48 
4.1 Gradation limit of AC14      51 
 
 
 
 
 
 
 
 
 
 
xiii 
 
 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX TITLE PAGE 
   
A Aggregate Size Distribution And Determination Of Filler 
AC14 
63 
B Specific Gravity For Coarse  65 
C Resilient Modulus Result 69 
D Marshall Test Result (Ac14-Control) 71 
E Marshall Test Result (AC14-5% Opfash) 75 
F Marshall Test Result (AC14-10% Opfash) 79 
G Marshall Test Result (AC14-15% Opfash) 83 
H Theoretical Maximum Density For AC14 87 
I Laboratory Photographs 95 
 
 
 
 
 
 
 
 
xiv 
 
 
 
LIST OF ABBREVIATIONS 
 
 
 
 
OPFAsh Oil palm fruit ash 
JKR     Jabatan Kerja Raya 
AC14 Asphaltic Conncrete with Nominal Maximum Aggregate Size of 
14mm 
HMA   Hot Mix Asphalt 
ASTM  American Society for Testing and Materials 
JKR   Jabatan Kerja Raya 
VTM   Voids in Total Mix 
VMA   Voids in Mineral Aggregate 
VFB   Voids Filled with Bitumen 
OBC   Optimum Bitumen Content 
SSD  Saturated-surface-dry 
TMD   Theoretical Maximum Density 
Gmb   Bulk specififc gravity of compacted mix 
Gsb   Combined bulk specific gravity of total aggregate 
Gmm   Theoretical maximum density 
 
